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Identifying and Assessing Key Factors of Engineering Innovativeness

Project Goals
This NSF REE project has four major goals: (1) to define the key characteristics of engineering innovativeness; (2) to place those key characteristics in the phases of the innovation process; (3) to develop, test, and collect initial validity evidence for tools to measure the characteristics of engineering innovativeness in student and practicing engineers; (4) to prepare for further validation studies that will include our research collaborators and to solicit collaborator participation in the future construction of a benchmark database on engineering innovativeness.
Major Activities
During the second year of this collaborative three-year project of Penn State University and Purdue University researchers, we engaged in five major activities. First, the project team conducted a large scale Delphi study, during which we engaged with over 150 engineering innovators in three Delphi rounds. Second, we recruited five additional academic and six additional corporate research collaborators. Third, in October 2014, we held our second project evaluation panel (PEP) meeting. Fourth, we developed drafts of our test instrument based on a year-long study of prior art and other relevant research. Fifth, we disseminated our findings to current and potential collaborators through presentations at three academic conferences; more presentations in 2015 are planned.
Specific Objectives
Our specific year two objectives were: 1) to identify the characteristics of engineering innovativeness in the phases of innovation through the completion of the Delphi Study; 2) to acquire additional academic and corporate collaborators to assist in instrument testing and validation; 3) to complete a literature and prior art review and construct our test instrument in forms appropriate to both engineering students and practicing engineers with the assistance of psychometric experts; and 4) to develop an instrument testing and validation plan appropriate to our research goals and contexts.
Significant Results
In this section, we summarize the following: 1) Delphi Study key findings; 2) results of collaborator recruitment efforts; 3) a summary of our instrument research, instrument construction process, and face validity study; and 4) the design of our unique testing and validation process. Study characteristic selection and ranking process, every one of the 20 possible characteristics of an engineering innovator was selected in one of the three innovation stages (discovery, development, implementation) for a 1-7 ranking by 10% or more of the Delphi Study participants.
 Important characteristics differ significantly by phase of innovation. The highest selected and ranked characteristics are unique in the discovery, development, and implementation stages of the innovation process. For example, creativity and curiosity are among the highest ranked characteristics in the discovery stage and among the lowest ranked characteristics in the implementation stage.
 Engineering innovators possess unique combinations of the critical characteristics.
The most important characteristics by ranking were selected by no more than 70% of the Delphi Study respondents, i.e., 30% of the respondents did not even select the highest ranked engineering innovator characteristic for a 1-7 ranking. This evidence, as well as other data, led us to conclude that engineering innovators have highly diverse sets of characteristics which aid them in being innovative.
 Delphi Study reached consensus on the most important characteristics by stage of the innovation process. The selection and ranking of characteristics by stage of the innovation process has a 97% correlation between the round two selection survey and the round three re-selection survey. Delphi Studies are usually judged to achieve consensus with a level of 50-60% agreement, and our results greatly exceed that threshold. 
Collaborator Recruitment
Instrument Development Process (Penn State team leads)
 Instrument research. In 2013/2014, 39 validated instruments that measure constructs related to one or more of our 20 characteristics of engineering innovativeness were identified from the Entrepreneurship, Information Processing, and Motivation/Self Efficacy literature. The constructs underlying these instruments were critically reviewed in terms of the elements of cognitive function they assess and whether those constructs are considered to represent innate traits or learned skills/behaviors.
 Instrument construction process. An instrument development and validation process unique to our situation was constructed with guidance from psychometric experts. Up to ten behavioral descriptions of each engineering innovativeness characteristic were created from the knowledge base of prior art/research, our own engineering innovator interviews, and the Delphi Study results.
 Face validity study. A face validity test was used to reduce the behavioral item descriptions to five items per characteristic in preparation for testing and validation in both student and practicing engineer populations.
Design of Our Testing and Validation Process
 Classic Item Analysis: The purpose of classic item analysis is formative -i.e., we are trying to maximize reliability. The mean item score provides information on estimated classical reliability, while the corrected item-total correlation provides information on discrimination. We will use representative samples of both target populations (engineering students and engineering practitioners). The results of the classic item analysis will eliminate behavioral description items that are not performing well. Since we have 20 characteristics of engineering innovativeness, each currently with five items, we will treat each characteristic as a separate item test. Finally, we will look at each testing participant's overall score, and if there are items across testing participants that consistently do not contribute to their overall innovativeness score, then those items can be eliminated.
 Pilot Testing (leading to Factor Analysis): After our classic item analysis is complete, we will move to large scale pilot testing and apply full factor analysis. We will first conduct a confirmatory factor analysis to see which factors emerge in the optimized model. Because we have a theoretical framework (theory developed through content experts), we will start with confirmatory analysis. We expect to see 20 factors emerge, corresponding to the 20 characteristics of engineering innovativeness. A second order factor analysis may also be applied to see whether certain factors cluster together within each of the three stages of the innovation process and as dominant characteristics -i.e., testing the results of the Delphi study to determine which characteristics are most important in which (or across all three) stages of innovation.
 Collection of Validity Evidence: Validity evidence will be collected throughout the lifetime of the instrument, including the coming year. Validation is a "matter of argument" (as opposed to "standard forms of validity"); that is, our claims about the construct lead to hypotheses, and we design studies to test them, collect data, and generate proofs. These proofs accumulate over time to support the instrument and its use. There are many types of validity evidence (proofs), including data gathered from content validation, process validation, factor analysis (to investigate internal structure), correlational analyses, and the examination of intended and unintended consequences. We will collect validity evidence of each type over time.
Key Outcomes
The second year outcomes of the project were four-fold.
 First, the project includes a greater number of strong collaborators [three more schools and eight more corporations] who are helping recruit research participants, serving as project advisors, or are potential users of the products that will be produced.
 Second, the Delphi Study resulted in a set of distinct insights which are both unique to engineers and not found in existing literature. Page 26.875.6
 Third, we have received a detailed second year report from our Project Evaluation Panel (PEP members) that will help guide the next steps of the project. It strongly recommends that the project be continued beyond the current grant.
 Fourth, our development, testing, and validation processes are unique to our research but can also serve as a guide for others who may attempt similar work in the future.
Project Goals for 2015 1) Development, testing, and validation of the engineering innovativeness measurement instrument for both student and practicing engineer populations through the collaboration and support of ten universities and ten corporations in three phases: a. Classical item analysis and instrument testing. 
